Metabolic stress-induced programmed cell death in Xanthomonas.
Xanthomonas campestris pv. glycines (Xcg), an etiological agent of the bacterial pustule disease of soybean, displayed nutritionally regulated caspase-dependent programmed cell death (PCD). Experiments showed that Xcg was under metabolic stress during PCD, as evident from the intracellular accumulation of NADH and ATP. Further, the accumulation of reactive oxygen species (ROS), as confirmed by 2',7'-dichlorofluorescein diacetate labeling, electron spin resonance spectroscopy, and scopoletin assay, was also observed along with the activation of caspase-3. ROS scavengers such as dimethylsulfoxide, glutathione, n-propyl gallate, and catalase significantly inhibited caspase biosynthesis as well as its activity, eventually leading to the inhibition of PCD. The presence of a sublethal concentration of an electron transport chain uncoupler, 2,4-dinitrophenol, was found to reduce the ROS generation and the increase in the cell survival. These results indicated that Xcg cells grown in a protein-rich medium experienced metabolic stress due to electron leakage from the electron transport chain, leading to the generation of ROS and the expression as well as the activation of caspase-3, and resulting in PCD. A bacterial DNA gyrase inhibitor, nalidixic acid, was also found to inhibit PCD. Gyrase, which regulates DNA superhelicity, and consequently DNA replication and cell multiplication, appears to be involved in the process.